The corrosion of steel dowels in concrete pavement can compromise the load transfer capability of joints and lead to premature damage. To solve this problem, the non-corrosive glass fibre reinforced polymers (GFRP) bar has been used as dowels in concrete pavement instead of the steel dowels.This thesis demonstrates the Load Transfer Characteristics of a GFRP dowels with the help of a 3D finite-element model, and various evaluation method and index are studied as well, including: (1)efficiency of load transfer , (2)coefficient of shear transfer , (3) distribution ratio of shear transfer. An accelerated test is applied to examine the long-term performance of the GFRP dowel bars by using self-designed equipment.This study shows that GFRP dowels is a feasible alternative to steel dowels which can entirely meet the needs of road performance, and the research results will be useful in the design and application of GFRP dowels in jointed concrete pavements.
In a jointed concrete pavement, dowel bars are installed to transfer traffic wheel loads to the transverse joints without restricting the horizontal joint contraction and expansion. Dowel bars which are commonly used in jointed concrete pavement is made of steel.However, the steel dowels with the small diameter create high bearing stresses in the concrete surrounding, and cause the concrete to crush and spall locally under repeated wheel loads [1] . In addition, the corrosion of the steel dowels can reduce the load transfer efficiency of the joint and restrain vertical movement which compromise the performance of the pavement and lead to premature failure [2] .To solve the problems of both corrosion and high bearing stress from conventional steel dowels,the large diameter GFRP dowel bars are now considered as a potential solution because of their resistance to the corrosive agents，high tensile strength and lower surface hardness.This paper researches the performance and feasibility of the GFRP dowel bars which are installed at the locations of transverse joints by the method of finite-element analysis together with experimental approach.
Load Transfer Characteristics of GFRP Dowels
Evaluation Indexes.In actual pavements, the displacement of the loaded slab edge and unloaded slab edge can be measured with a FED,therefore,the displacement-based load transfer efficiency (LTE δ ) has been widely used in actual engineering [3] .This paper use the LTE δ to directly assess the load transfer efficiency of a GFRP doweled joint and compare it with the steel dowels.,the parameter is calculated using the following equation:
where UL ω =displacement of unloaded slab edge under the wheel load ; L ω = displacement of loaded slab edge under the wheel load. Shear force distribution shows the shear force transmitted by each dowel [4] . Shear force transfer ratio（SFTR）is defined as the amount of transferred load by the dowel group from shear force divided by the amount of applied wheel load as shown in the following equation:
Dowel shear ratio （DSR） gives the contribution of dowel bar system in transferring load across a joint by shear action [5] . That is s a calculation method of the relative contribution of dowels in the dowel group. That is % 100
In this paper,one dowel is considered as a engaged dowel in the load transfer system if the single DSR is larger than 1% of it. Construction of 3D FE Model .3D Solid model has been chosen in this study,the design properties based on the Specifications of Cement Concrete Pavement Design for Highway [6] . The analysis software "ABAQUS" is used for this purpose,the structral and material detailed in Table 1 . Two concrete slab segments are supported by base and subgrade; a 5 mm wide joint is setted between the two concrete slabs for free expansion and contraction; a total of 15 dowels is included in this model with the spacing of 30cm, as illustrated in Figure 1 . The concrete slab and the base layers are assumed to be frictional contact, and the slab-base friction value are considered as 0.05 [7] ; the base layers and the subgrade are assumed to be bound connection; all the dowels are setted as bound connection with the concrete slab in one side and setted frictional contact with the other concrete slab, the dowel-slab friction value considered as 0.1.
The standard axle load based on the current pavement design specifications is used as the model wheel load, and detailed in Table 2 .
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Advances in Intelligent Transportation System and Technology For the standard axle load analyse, two wheel loads are applied at the position as shown in Figure 2 (a), a refined mesh zone is located at the edge of the joint [8] , where wheel loads are applied, as shown in Figure 2 (b).
Wheel Load position and dowel number for pavement model
Load Transfer Efficiency of GFRP Doweled Joint .This paper has been researching into four types of dowels, including a commonly used steel dowel with 32 mm diameter and three sizes of pultruded GFRP bars with the diameters of 32 mm ,40 mm and 54 mm. Figure 3 shows the joint face suffered from traffic load at the center of the joint. The LTE δ of the four types of doweled joint which is calculated according to the formula 1 are respectively 95.4%, 87.3%, 95.1% and 97.2%. It can be seen that the doweled joint,which uses the 32mm GFRP dowal bars,exhibits a significantly reduction in load transfer efficiency than the 32mm steel dowels.The LTE δ of the 40 mm doweled joint is almost the same as the 32mm steel dowels. The larger diameter, 54 mm GFRP doweled joint has the highest LTE δ in this study. That means GFRP bars have been introduced as a promising alternative material to the traditional steel dowels. Load Transfer Behaviour of GFRP Dowels.Figure4 shows the shear force distribution of four types of dowels, and each marker shows the amount of shear force transferred by a dowel at transverse joint. The SFTR of the four types of doweled joint which is calculated based on the formula 2 are respectively 16.8%,10.9%,17.1% and 22.5%. The SFTR of the four types of doweled joint is almost identical to the LTE δ of the joint. This ratio increases with the increase of diameter of GFRP dowels. The DSR of four types of dowels along the joint is shown in Table 3 . From this diagram, one can clearly observe that eleven engaged dowels carry more than 99% of the transferred shear force in the dowel bar system. The contribution from the two end dowels (both sides ) is inefficient no matter what type of dowels. In addition, the outer six dowels of both sides carried 7.4% shear force to the total amount of dowel bar system in the case of utilizing the 32-mm Steel dowel, 9.2% of 32-mm GFRP dowel case,10.6% of 40-mm GFRP dowel case and 12% of 54-mm GFRP dowel case. This phenomenon indicates that using the diameter of the GFRP dowel bar can increase the integrity of the doweled joint.
The results of numerical calculation in this study shows that the GFRP bars are a feasible alternative to commonly used steel dowels for using in jointed concrete pavements.The 40-mm GFRP dowels have been found to perform almost the same to the commonly used 32-mm steel dowels in load transfer efficiency of the doweled joint and load transfer behaviour of the dowel bar system. The large diameter GFRP dowels, especially the 54-mm bars, have been found to perform the best in this study.
Durability Study of GFRP Dowels
This study investigates the ultimate bearing capacity and long-term performance of the GFRP dowel bars under the condition of simulated vehicle axle loads. Test Specimens.Four types of dowels are tested in this study, including a 32-mm steel dowel and three size of GFRP dowels with the diameters of 32mm,40mm and 54mm. All dowels are 500 mm in length and half of the lengh is embedded in a concrete slab with the dimensions of 300 mm x 400 mm x 260 mm which is the typical size standard based on the Specifications of Cement Concrete Pavement Design for Highway.The four types of dowel bars and specimen are shown in Fig.5 . There are eight specimens for each type of dowels, four specimen are used for the static test, and the others for the long-term performance test.
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Test Equipment. For all tests, the specimen is fixed under a rigid support beam to reduce the shake of the test machine during cyclic loading.The dowels are loaded in direct shear by a steel loading device to simulate the effect of the loaded panel transferring that load to an adjacent pane from the dowel bars by shear action as shown in Figure 6 below. Fig.6 Test Equipment Static test ..In the static test, the specimen are loaded to failure under step loading of 5KN/step by the loading device. The steel dowel reaches a maximum peak failure load of 45 kN, the failure pattern mainly is slipping pull crack as shown in Figure 7 (a).The 32-mm GFRP dowel has a lower peak failure load of 30KN, the failure pattern is dowel bar broken as shown in Figure 7 (b). The 40-mm and 54-mm GFRP dowels has peak failure loads of 42 kN and 55 kN respectively. The failure pattern is similar to the steel dowel specimen as shown in Figure 7 Test result shows that the larger diameter GFRP dowel bars are found to perform the best of ultimate load-carrying capacity. Fatigue test .In order to research the durability of GRFP dowels , four types of specimens are conducted at fatigue loading at the frequency of 5 Hz for a total of 1,000,000 cycles at a level of 12KN. In order to simulate the amount of shear force transmitted by a dowel under treble the standard 100KN axle load calculated from FE model. The following experimental phenomena have been observed:(1) It can be seen that there is no indication of structural damage to any of the dowels or to the concrete pavement slab after the 1,000,000 cycle loading. (2) The dowel deflections are captured in fatigue experiment, the peak displacements are almost identical to the values measured in the static test provided earlier. ( 3) It is found a trifle debonding at the steel -concrete contact interface after the 1,000,000 cycle loading. At these locations, the concrete crushes subjected to high bearing stresses between steel dowel -concrete contact interface, which causes dowel looseness. The 40-mm and 54-mm GFRP dowels are not found any concrete crushed and dowel looseness after fatigue experiment because using of larger diameter GFRP dowel bars, even though a debonding phenomenon appears in the process.(4) The residual deflection of GFRP dowels after fatigue experiment is lower than the steel dowel, and then it recovers gradually within a day, which has better capability of fatigue resistance Advanced Engineering Forum Vol. 5 281
Conclusions
The following major conclusions have been drawn from the present study:
(1) 3D finite element model has been chosen in this study,to investigate the load transfer characteristics of the GFRP dowels.The structural analysis package "ABAQUS" is used for this purpose. The results of numerical calculation in this study shows that the dowel shear ratio of GFRP bars is probably the same as commonly used steel dowels. The large diameter GFRP dowels, especially the 54-mm GFRP dowels, are found to perform the best in load transfer efficiency in this study.
(2) A experimental program including static and cyclic tests are carried out to study the performance of GFRP dowels.by using self-designed equipment. The static study shows that the using of larger diameter GFRP dowel bars can reduce the deflections， as well as bearing stress in the dowel-concrete contact interface. In addition, the using of larger diameter GFRP dowel could increasing the ultimate bearing capacity and durability of the doweled joint (3) The recommendatory GFRP dowel is 20%-30% increase in diameter to traditional steel dowel because it should be more economical and reasonable in practical engineering.
